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S ::= x:=A assignment
| skip no operation
| read(i) input read
| write(o) output write
| S1;S2 sequencing
| if B then S1 else S2 conditional
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Fac = read(i) ;
if i > 10 then i := 10; o := 1; else o := 1;
for l = 1 to 10 do




































(x := e) =
jlglade
(x := e) =
fhgAaie


























(for i = n1 to n2 do S) = (n2 − n1 + 1) × (3 +
adc3ade
(S))jkgAaie
(for i = n1 to n2 do S) = (n2 − n1 + 1) × (3 +
jlglade
(S))fhglade
(for i = n1 to n2 do S) = (n2 − n1 + 1) × (3 +
fhgAaie
(S))
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[[S]] : State → State ª,r¡su~si
















































(0, 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, . . .), (0, 1!, 2!, 3!, 4!, 5!, 6!, 7!, 8!, 9!, 10!, 10!, 10!, . . .)
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/!8w~yrivr7~ui0i³<~y¤§z+~siPZ¢£uxyhnsxYsux©Rxys¡suxyh²~y{+suegi
suu~y{+rt¢£xYh2~s|¥xy{9z+¤§iwxYuivrRxy{+I|¥{g$sxasuegi«Ã+ur¡s8+~s¡siv{se~<sh0~suw*egivr7suegi|§{+gzIsguxyYu~h |¥r
Ri¢£xyuh0ivª
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1. F [if B then S1 else S2] = if B then F [S1]; skipmax (0,δ2−δ1);





i = 1, 2
2. F [for i = n1 to n2 do S] = for i = n1 to n2 do F [S]
3. F [S1;S2] = F [S1]; F [S2]















²Yse+i?©Rivr¡sv²q~y{+2°%xy*rts%wv~yriiIivwzgs|¥xy{0su|§h0iPr¬x¢ F [S]~yiG|}Iiv{Ys|}w~y¤ !




















(F [S2]) =adc ade











δ1 + max(0, δ2 − δ1) = δ1 + 0 = δ1
²~y{+
δ2 + max(0, δ1 − δ2) =
δ2 + δ1 − δ2 = δ1
ªR\?i{+wi fhglade
(F [S]) = 1 + max(δ1, δ1) = 1 + δ1
ª
j%xy{q³yi*r¡iv¤§pY²P°%i®~y¤¥rx?e+~´³yi	jkglade
(F [S]) = 1+min
(









(F [S]) = fhglade (F [S]) ~{+ suegiui¢£xYiU|¨sµ|}r ~y¤¥rx!iv¾Qz+~y¤<sx adc ade (F [S]) ª
 
µis





(F [S1]) = δ1
ªwwxy*I|§{+suxazg¤¥i$~y{+9d:~©+¤§iY²µ°%i0seqz+r7e+~´³yi
adc ade














(F [S1]) =adc ade






(F [S2]) = δ2
ª?wwxy*I|§{+
sux2z+¤§i 2~{+d~y©g¤¥i0y²g°%iseqz+re~P³yi aic3ade
(F [S]) = δ1 + δ2
ª ?%p|¥{+Iz+ws|¥xy{eqpqRxse+ivr¡|}rv²
sueg|¥r|}r	~¤}r¡x¦iP¾Yz~¤sux<jkgAade




(F [S]) = fhglade (F [S]) = aic3ade (F [S]) ª 
¹gzgsegivh0xYiY²M°%ia~¤}r¡x9gx<³yisue+~<s0suegi$suu~y{+rt¢£xYh2~s|¥xy{ F IxIivr¦{gxys2w*e+~{+yisegi fhglade xy¢guxyYu~h2r!






S = if B then S1 else S2
ª d!egi|¥{+Iz+ws|¥xy{`eQpqRxysegiPr¡|}r|}rse+~s fhglade
(S1) =fhglade








(F [S]) = 1 + max
(
δ1 + max(0, δ2 − δ1), δ2 + max(0, δ1 − δ2)
)
= 1 + max
(
max(δ1, δ1 + δ2 − δ1),max(δ2, δ2 + δ1 − δ2)
)
















1 + max(δ1, δ2)
²Isue+~<s	|}r fhglade
(F [S]) ª
 "! G# "$
  9 >& &1+0/2143 '> +
	:*>?&)7'*1 6&@- )7:73")7'	)7';1:*) '*+0/ :*1 y
 
µis













































(F [S]) ª 
d!egiGsuu~y{+r¡¢ xYh2~s|¥xy{ F ~g+¤§|¥iv$xy{$xyzgiI~yh0g¤§i Fac guxIIz+wivr®segi7{giv° guxyYu~h Fac1 !
Fac1 = F [Fac] =read(i);
if i > 10 then i := 10; o := 1; else o := 1; skip3;
for l = 1 to 10 do
if l <= i then o := o ∗ l; else skip3;
write(o);
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~<s
checkpt
su~y­yivr?suegi0r~yh0i8s|¥h¦i0°egi{|§{r¡isuivZ|¥{I|  iui{Ys7+~<sue+r¦·/0. ^ .&2segist°%x©+u~y{+wue+ivr x¢%~
wxy{+I|§s|¥xy{~¤ ¸²xy?ui¯~gg¤¥psegi8s*~{+r¡¢£xyuh2~<s|¥xy{ F ~<¢ siv w*egivw*­qRxy|¥{Ysu|§{gª		Q~|¥{ ²+segizg¤¥ivr?©Ri¤¥x´°h8z+r¡s	©Riz+{+Ii*r¡sxqxI¤¥|¥­yi7~0w~Yr¡iiIguivrur¡|¥xy{|¥{l ¬ª
# <  %$ Ê *½g Ê  * B Æ   
1. ITc (S, t) = S
/  adc3ade
(S) < t





3. ITc (a, t) = a;c
/ 
0 < t ≤ adc3ade (a)';1 
a
/  '*+.: / 6
4. ITc (S1;S2, t) = ITc (S1, t);ITc (S2, t1) /2+<$




(S1) < t /2+<$
t1 = T −
adc3ade
(c) − r /  adc3aie (S1) = t + q(T −
adc3ade
(c)) + r /2+2$
q ≥ 0 0 ≤ r < T − adc3aie (c))
5. ITc (if b then S1 else S2, t) = if b then ITc (S1, t − 1) else ITc (S2, t − 1)


















































(t − adc3aie (S1))
|§¢%{gx$|¥{+ris|¥xy{e+~Yr ©Rivi{Riv¡¢£xYh0iv
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(T − adc3aie (c) − r) |¨¢ r |¥rsegi7s|¥h0iiPr¡|}Iz+~y¤uih2~|¥{g|¥{g2~<¢ suisuegi q + 1 |¥{+ris|¥xy{+r|¥{+r|¥Ii
S1
·-/.F0.&2+|¨¢Radc3aie







t − 1 ¸ªzg¤¥i0~ygg¤¥|§iPr®sux2¤§xIxyrts*~<suih0i{Qsurvª [s	zg{+xY¤§¤}r®suegi7¤¥xqxywxyh0g¤¥isui¤¥p· se~{g­Ir!sux¦suegi













# <  %$ Ê *½g Ê  * B Æ  m
1. Unfold(for l = n1 to n2 do S) = l := n1; S; l := n1 + 1; . . . l := n2; S
2. Fold((for l = n1 to n2 do S);l := n2 + 1;S;) = for l = n1 to n2 + 1 do S


















&  Ê  Æ ´ Çm  1 '+0)7'*1:*)@&  9)7:73")7' ITc (F(S), T )
 +<$#&='"6+ ';>+ /  & /21 +%&) *'*>
∆
-(&+ &(&1+<$#&
-(&03"/211 /2143 :  +  :66(& ,/" &@6: '*1
c
/  6$ +<$#';+ '
T − ε ≤ ∆ < T + ε
 /2+<$
ε
-&/2143 +2$& adc ade :  +<$#& :,+ &:_,9&1,/ *&@';+%:1 / 6 /21,+0)6+0/ :*1   ' ,/ 3;1 @&1+ :;)+.&,+@/21 +2$&
9 )!:3;)7'1   >&'&
'*>3: 1:*+.&@+2$'*+ :;) +<$#& ) (+
c
/21&),+%&  /21+<$#&59 )7:73;)7'1 
∆
/  "& 1 &  '((+
+<$#& -&%3;/21 1/2143
+0/  & : 
c






























































































-(&+  &&1 + :@66(& ,/"*&
6($#&(6(89#:;/21 +8
';1  $#&';),+%-(&';+8 '*)7& 6($ +2$'*+ '
TCP − ε ≤ ∆CP < TCP + ε + h
'*1
THB − ε ≤ ∆HB < THB + ε
















²g~<¢ sui!segir¡iPwxy{+«suu~y{+r¡¢£xyuh0~s|¥xy{ ² ITHBhbeat(hbeat; S′, THB)
²gMuxyRistp ¦ru~<su|¥r¡Ã+ivr%suegi
wxy{+I|§s|¥xy{







































TCP −ε ≤ ∆CP < TCP +ε+h
ª

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(checkpt) = 10 TCP = 80 THB = 10
oqx+²g°%iYis









if i > 10 then i := 10; o := 1; else o := 1; skip3;
for l = 1 to 6 do
if l <= i then o := o ∗ l; else skip3;
l := 7; if l <= i then checkpt; o := o ∗ l; else checkpt; skip3;
for l = 8 to 10 do


































Fac3 = hbeat; read(i);
if i > 10 then i := 10; hbeat; o := 1; else o := 1; hbeat; skip3;
for l = 1 to 6 do
if l <= i then hbeat; o := o ∗ l; else hbeat; skip3;
l := 7;if l <= i then hbeat; checkpt1; hbeat; checkpt2; o := o ∗ l;
else hbeat; checkpt1; hbeat; checkpt2; skip
3;
for l = 8 to 10 do
hbeat; if l <= i then o := o ∗ l; else skip3;
write(o); hbeat; skip5; hbeat;
GBGIH1JKL6M:L
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r¡|}Iisegi
[80, 86)
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Γi = (Deti, THBi)
²R°|§se















[i] = −2 then run Rec(i);
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|¥{«rz+w*e«~7°®~´p8se+~s ∀k ≥ 0, |σk −σ′k| < THBi
ªUd!egi	°®xy*rts%w~yri|}rM°e+i{








































se+~s8uiv~Ygr  | ^²"h8z+r¡s©Ri~YgIuivrur¡iPªd!egxQr¡i2st°%xas*~yr­qre+~´³yi2segiru~h0i«Riu|§xI
THBi
²+©gzIsGr¡|¥{+wi7segi8w¤§xIw*­Ir!xy¢:segis¯°%x«gxgwivrurxyur!~ui{+xs r¡pq{+w*eguxy{g| iv ²qsuegiui~yiI|§¢ survª  i
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¢£xY ~yzIsxYh¦xys|¥³yiP¸  	z+r¡eq©QpY²y+ [ª  |§seZsueg|}r?eqpQRxysegiPr¡|}rv²
τi
w~{Z°u|¨sui  | st°|}wi8|¥{~«ux´°7²
°eg|}w*e½|}r8{gxys¦~Zguxy©g¤¥ihª9oq|§h0|¥¤¥~y¤¥pY²
Det i
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 a := x;
restart (τx,













 a = 0 |¥{+I|¥wv~<suivrµsue+~<s:segivi%|}r{gx?¢c~y|§¤¥ivguxIwiPrrxyvª 
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f(TCP , THB) =
fhglade




(S) × f glade (hbeat)
THB







































































= 0 =⇒ T ?CP =
√ fhglade
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≤ 2(21/n − 1) ·¡q¸
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xYzIsgzIs*rr|§{wi°%i°%xyzg¤}e~P³yi +  : +%'!8zgg~<su|§{+suegi7ru~h0iGxyzgsgzIs	|¥{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  a 6= This Processor then 	 a := This Processor; 





















write(o) =⇒ Rem i; write(o);¯{ xYuIiv2sux¼Iisuivws~{qp guxIwivrurxy0¢c~y|§¤¥zgui~y{+ºsx¿yz+~yu~y{Ysuiisuegiuiv~y¤¨^s|¥h0iwxy{rtsuu~y|§{Qsurv²®suegi
Izg*~<su|¥xy{$x¢:se+isuu~y{+r¡|¥i{Qs!¢c~y|§¤¥zguih8z+r¡s?©Ri7¤¥~yYi®sue+~{$suegi7h2~*xy¢suegi7¢c~|¥¤§zguiIisiPwsu|§xY{$s|¥h0ivr
αi
·6.  . E¬¾Qz+~s|¥xy{Z|§{Zoqivws|¥xy{agª§´¸ª
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su|§xY{ ²Usuegi~yuw*eg|¨suivwszguiwxy{+r|}rts*rx¢	st°%xla®j!yYr¦~{+¼~®j ©RxY~yuE°e+|¥w*e I|¥³yivr8suegiruwuiiv{
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	k7kGd±uivrRivwsu|§³yiv¤§pYª+¯{½xy*Iiv7sx|§h0g¤¥ih0iv{Ys¦xyzg8+xYy*~<h s*~{+r¡¢£xyuh2~<s|¥xy{+rv²°%ie+~P³yi~ygIiP
xY{gi	h¦xYi	{gxIIiy²Q{+~h0iv2lk  td?kG7ªYd!egi ~*wueg|§siPwsz+iYu~yge0x¢segi%  j«|¥rMsegivi¢£xyuiy|¥³yi{|¥{¹:|¥yzgui7gª
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d:~yr­«{+~h0i fhgladexY{¹"Yy xy{?yY xy{k7kGd xy{laxY{g|§sxy











































d:~yr­«{+~h0i f gladexY{¹Uyy xy{?Yy xY{k7kGd xy{laxy{+|¨suxy
eQ©RiP~<svY²gw  gª y ∞ ∞ ∞eQ©RiP~<s*g²gw ∞ gª y ∞ ∞eQ©RiP~<s +²gw ∞ ∞ gª y ∞h0xy{g|§sxYvY²qh0xy{g|§sxY*g²qh0xy{g|§sxY 





hbeat → monitor ∆hbeat = 0.12

















S̄ = max(S̄1, S̄2, S̄3)
·tvQ¸
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αi < THBi + ε + ξi + Lr + Lw
·t<y¸
β = THB + ε + max
1≤i≤n



































































































(S̄1 + S̄2 + S̄3) × h̄
·BI´¸
d~y­q|§{g$|¥{YsxZ~ywwxyzg{QsGse+i0³<~y¤§z+ivrGy|¥³yiv{|§{d:~©+¤§iPr ~{++² °%i¦Ã+{se~<s
c̄ = 0.18 ms
~{+




(4.19 + 3.05 + 4.1) × 0.21 = 1.54 ms
T ?HB =
√
(4.19 + 3.05 + 4.1) × 0.18 = 1.42 ms
       
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checkpt ; hbeat ;
{gxy 26; hbeat ; {gxy ; checkpt ; {gxy 25; wsu¤ 
   ; checkpt ; ¤¥I¢ 
















ui¤}~<su|§³yiG¢c~|¥¤§zguiGs|¥h0ivr!se~<s?~uiru~h0g¤¥iv¢£uxyh segi7zg{g|§¢£xyuh)I|}rtsu|¥©gzIsu|§xY{ 1/ :;)        
ms
ª




















k zggxYy*~h s*~{+r¡¢£xyuh2~<su|§xy{r2~uiaui¤}~<suiv sx oqx¢ st°®~uid!eguiv~y ¯{Ysuiy*~<su|§xY{K·BoId ¡¸ª!ogd 
|¥{Q³yxY¤§³yiPr7°%iP~P³q|¥{gZ~aegxYr¡srivwxY{+g~ypZseguiv~Y9|¥{+r|¥gi~aiP~¤§Bsu|¥h¦i«g|¥h2~upZse+iP~y©QpÃ+¤¥¤§|¥{gasuegi
|}I¤¥iMs|¥h0i¬xy¢qsuegi¬gu|¥h0~yp?suegiP~y°|§sueRxys|¥xy{+r xy¢qsuegi%rivwxy{+g~yp?seguiv~Y ?iP~{~y{+oqegiv{ ² vYDC6[ª










 "! G# "$
  9 >& &1+0/2143 '> +
	:*>?&)7'*1 6&@- )7:73")7'	)7';1:*) '*+0/ :*1 g









 "! G# "$
  9 >& &1+0/2143 '> +







rzgRi*r¡iPIixyIsu|§xY{+~¤®rzg©IBs*~yr­Ir  "pII|§{is	~y¤Bª¥²+yyY6^ª ¯{¿wxY{Ysuu~YrtsP²"xyzg°%xY­9|¥ri{Qs|¥iv¤§p|¥{Esuegi
r¡su~s|}wrw*egivgzg¤§|¥{g«wxy{QsiqsPª
k?segiv8ui¤}~<suivE°%xyu­xY{¿~zIsuxyh2~<su|¥w2s*~{+r¡¢£xyuh2~<su|§xY{+r¢£xy8¢c~yzg¤¨sBsuxy¤¥i*~{+wi«|§{+w¤§zIisegi°%xY­





sux~{qpxysegivrts*~<si´¸7~y{+¤¥x´°Ì~<suxyh0|}w|§s¯pº·£|§s¦wv~{ Á s*¸ªZd!egi|§{+|¨su|¥~y¤¬¢c~zg¤§s¡[|§{QsxY¤§ivu~y{Ys8guxyy*~h i{I
rzguivrGse+~s|§surrRivw|¨Ãwv~<su|§xY{|}rr~s|}rtÃiv|¥{9segi«~y©+ri{+wi0x¢%¢c~yzg¤¨s*r~y¤¨suegxyzgYe{+xYz+~*~{YsuiiPr~ui
gux<³Q|}IiP |§{ºsuegiZ+iPr¡iv{+wiaxy¢G¢c~yzg¤§survª6 ¢c~zg¤§s|¥r~½rzg©+risx¢suegirisxy¢Gsuu~y{+r|¨su|§xY{+rª6d!eguii
¤¥i³yiv¤¥rGxy¢¬¢c~zg¤§s¡^sxY¤§ivu~y{+wi¦~yi0rtsuz+I|¥iv4! $[  B v $ Æ $B ·c|¥{suegi0guivri{+wixy¢¬¢c~zg¤§s*r²suegi2rpQ{QsegiPr¡| iP





h0|}~¤·£uivr ªiqRxY{gi{Qs|}~¤ ¸7|¥{Esuegi$r¡su~<suir+~ywi«xy¢segi$|§{g|§s|}~¤%¢c~yzg¤§s¡[|§{Qsxy¤¥i*~{QsgxYy*~hª ¯{Esuegi
¤¥x´° ~<suxyh0|¥w|¨stp¼h0xIIiv¤B²!suegiZs*~{+r¡¢£xyuh2~<su|§xy{ +xY©g¤§ivh |}r  M[wxyh0g¤¥isiYª E%~yw*eºs*~{+r¡¢£xyuh2~<su|§xY{
|¥{Q³yxY¤§³yiPr0uivwzgur|¥³yi¤¥p½ivh0x´³q|¥{g©+~y s*~{+r|§s|¥xy{+rvª d!eg|}r2gu|¥{+w|¥g¤¥iaxy¢guxyy*~h s*~{+r¡¢£xyuh2~<su|§xY{
GBGIH1JKL6M:L




I|}ruwuisiwxy{Qsuxy¤¥¤§iv	r¡pq{QsegiPr¡|}r  	~h2~YIyi~y{+  xy{ge~h²PDC(<^²R~¦siPwue+{g|¥¾Qzgise+~s?e+~yr?~¤}r¡x2©Rii{





suegixYpG+ivri{QsiPse+xyuxyzgYeg¤§pG|§{  	uxy*~¦~{+@Azg¤¥­<~y{+|B²Py C6^ªW\?x´°®i³yiP²P°®i%giv~¤QiIg¤¥|}w|§s¤¥p°|§se
suegi%sivh0Rxy*~¤Qiv¤¥~s|¥xy{+reg|¥+rµ|¥{8se+i!~zIsuxyh2~<su|¥w®~ygI|§s|¥xy{x¢g¢c~yzg¤§s¡^sxy¤¥i*~{wi¬©qp7z+r|§{gGegiv~y¡su©Riv~s|¥{g
~y{+ wuegiPwu­qRxY|§{Qs|¥{g <xy¤¥¤¥©+~ywu­½~yr2~r¡RiPw|§ÃwIisuivwsxy¯wxyuivwsxy¦+~|¥Pªºd!egivi¢£xyuiy²%IiÃ+{g|¥{gE~y{+




























 "! G# "$
  9 >& &1+0/2143 '> +
	:*>?&)7'*1 6&@- )7:73")7'	)7';1:*) '*+0/ :*1 Y
'¶;<! :$#®1
 	YY~u°®~¤~{++*Gz+Isu~+²yQ?yQ~u°®~¤B²G8ª	~y{+ *GzgIs*~g² ª8·ByyQy¸ª¶¹~|¥¤§z+iEIisuivwsuxy*r¢£xY
I|}r¡su|§©+zIsiv»rpIrtsuih2rª divw*eg{g|}w~y¤	ivRxysv² ¯{+I|}~{ ¯{rtsu|¨suzIsix¢7divw*eg{gxy¤¥xyYpy² A~{ggzgP² ¯{+I|}~gª
eQs¡su !  ´uivrxy¤¥zIsiYª z+wvr ª iPIz <g|§°®~y­yi ´gzg©g¤¥|}w~<su|§xy{r <grª q¢tª
 	Yzg|§¤¥i*~is	~y¤Bª¥²Py(<6?yzg|¥¤§ivu~+²´l½ª§²Qj%egi{ ²  ª¥²y~{+8dxyzgiv+²oªI·tvY=<y¸ª\?iv~su©iP~<s6! ¿s|¥h0ixYzIs¡
¢£uiiZ¢c~|¥¤¥zgiIisuivwsxy¢£xY¾Qzg|¥ivruwiv{Ysui¤¥|¥~y©g¤§iwxyh0h8zg{g|}w~s|¥xy{ ª ¯{  )7: 6(&& */<1431 :  +<$#&!;+2$
 1+.&),1 '*+0/ :*1 '*>  :*)787$#:(9 :*1 / ,+ ),/ -+%&   5> 34:*),/2+<$(*²++~yyiPrGPyRYgªIoIg|¥{gYi¡Uiv¤}~+ª
 	uxy*~~y{+@Azg¤¥­<~y{g|^²PyDC1	uxy*~g²Q8ªI~{ Azg¤§­~u{g|^²qoª·¡vy CY¸ª  isuivwsxy*r®~{wxyuuivwsuxyur!:
suegixYpax¢¬¢c~z+¤¨sBsuxy¤¥i*~{+wiwxyh0Rxy{giv{Ys*rª ¯{  ,1+.&),1';+ / :*1 '*>	 :;1
&)7&1 6&:;1
 / ,+ ),/ -+%&  :1
9 + /21 3 ,+%&    
²+~yiPr®=yq g²I	h2rtsui*g~h²+d!egi  isuegiu¤¥~y{+grvª9 E E E?ª
 µ³q| |¥i{g|}r!is?~¤^ª§²yy1³Q| |¥i{+|¥rv²:ª¥² µ~+|¥iy²Bª ¡j ª¥²	~y{+Ii¤¥¤^² ?Gª§²:~y{+ µ~y{+I°%ivegv²Uj ª¬·^YQ¸ª
?!~Yr¡|}wawxY{+wivIsur~{+ s*~*Ixy{gxYh8p¿xy¢IiRiv{+g~©+¤§i~{+»rivwzgiwxYh0gzIs|¥{gª  	#)7'*1  :*1
 &.9#&1"'C->&@';1  &(6)!& : 9 +0/2143y²µY·t´¸!¥y(Dgª
 "pII|¥{$is	~y¤^ª§²yY"pII|¥{ ²W\ª¥²:lai¤¥egih²:7ª¥²~y{+9laxQrr7y² ª¬·^YyY¸ª«k Is|¥h2~¤¬rw*egivgzg¤§|¥{gxy¢
|¥h0giPw|}r¡iwxyh0gzgsu~<su|§xY{su~Yr¡­Ir!|¥{$segiguivri{+wixy¢:h8zg¤§s|¥g¤¥i7¢c~zg¤§survª ¯{ &';>3
	 / @& : 9 +0/2143
 (+.&'*1   9"9 > / 6';+ / :;1  	       ²++~yyiPr1CYg<ygª
 ?!~|¥¤§¤¥iis?~¤^ª§² vYy ?!~y|§¤¥¤¥iy²=*¦ª§²(*~u{g|¥iP²"ª§²Ql~<se+|§ivz ²\ª¥²Y~y{+¦M|}rru~*q *G|¥©Rxy¤¥¤¥isP²y7ª+·¡vYyY¸ªµi
  jaIi7¤BÁ ¯{gu|¥~0e! Y{gi¯	¤¥RivrvªUd!iPwueg{+|¥wv~¤uiRxY¡sQyyg²=¯{+|}~g²gxIwv¾Qzgi{+wxyzgsv²g¹g*~{+wiyª
 ?®ivw*­«is?~¤^ª¥²PyD ?®ivw*­R²µlEª¥² M¤}~{g­² ª§²µ~y{+ A|¥{gYr¤§ivpy² *¦ªM·tPyyQ¸ª¦j%xYh0g|§¤¥i¯~yrur¡|}rtsiPZw*egivw*­Q
RxY|§{Qs|¥{g+ªMdµiPwue+{g|¥wv~¤uiRxY¡sP²  ?{g|§³yivur|§s¯px¢"di{g{+ivrur¡iiYª
 ?®zIs¡s*~1vx+²+yyY ?®zIs¡s*~1
x+² *¦ª:·BYYY¸ª%?~<sih0xy{+xsxY{g|}w³qr EG¹ ! Yz+IYh0i{Ys +~PpYª" &('*>3
	 /  &
 (+.& :),1 '*> ²·t´¸! #Igª
 j®~yrg|is?~y¤Bª¥²Pyy1j®~yrg|^²q"ª¥²+lZ~1vzgisP²j ª§²oI~¤¥ih²g7ª¥²+~{+  iv©RiP² 8ªµ·tPyYY¸ª:¹+xyuh2~¤Iivr|¥y{
xy¢I|}rtsu|¥©gzIsuivºwxY{Ysuxy¤	r¡pIr¡sivh0r2°|¨sue  z+r¡suiyª ¯{  ,1 +%&),1';+ / :;1'*>$ :;1
&)7&1 6& :;1% : 9 +.&)
 ' &+  & &> / 'C-/2> /2+0/   '*1 &6),/2+  '   (")+* , 

²{Qzgh8©RivaPyDC|¥{   j!o²M+~yyivrYy
Qyg²gdµxYzg¤§xYz+riy²g¹g*~{+wiyª¬j%|}rpqr E¬rg|§s	Mux<tiPws ygª g+ª
 j%e+~{Iu~0~{+$dxyz+i+²vYy8j%e+~{+gu~+²gdª+~{+dxyzgiv+²+oª·tPyYY¸ª  	{gui¤¥|}~©g¤¥iG¢c~|¥¤¥zgiIisuivwsxy*r
¢£xYiv¤§|}~©+¤§i7I|¥r¡su|¥©gzIsiPr¡pIr¡sih2rvª?:),1';> :  +2$#& -*²+ ·BY¸! yy#I=<Qª
 j%|}r¡s|}~{ ²vYgj%|}r¡s|}~{ ²<¹®ªq·¡vy+P¸ª  ?{+Iivur¡su~y{+I|¥{g	¢c~zg¤§sBsuxy¤¥i*~{Ys:I|}r¡su|§©gzgsiv8rpIrtsuih2rvª. :1
1/ 6('*+0/ :*1 :  +2$&  -*a²R·BY¸! 9<Cgª
 ?iP~{~y{+oqegiv{ ² PyDC1  iv~{ ²gªI~y{+oqegi{µ²9ª·¡vy CY¸ª \ ~*I°®~yi	sx¦rx¢ st°®~ui?h0|§Yu~s|¥xy{«°|§se




Y   "'  )7'"&+
	 /2)7'> +
 ?z+h¦|§suivruwzis?~y¤Bª¥²+yyD  zgh¦|§suiPrwzµ²;E	ª¥² *G|¥u~yzg¤§sv²U8ª¥²M~{+½zgs¡sui{ ² E	ª·BYq¸ª ¬~¤¥|¥g~s|¥{g
¢c~yzg¤¨sBsuxy¤¥i*~{Qs7©Rie+~´³q|¥xy*rGx¢rpq{+wue+xY{gxyz+r7r¡pIr¡sivhÀr¡RiPw|§Ãw~s|¥xy{+r7©Qp9I|¥ruwuisui2wxy{Qsuxy¤¥¤§iv7rpq{I
suegivr|¥rvª;¯{     -   :*)787$#:9 :;1 / 6)7&+.&(  &1 + ,+%& $ )    +²+iv|§h2rv²+¹g*~{+wiyª
 ¹:|¥regi	is?~¤^ª§² v CY¹:|}r¡e+iP²µlEª¥² µpq{+wue ²  ª¥²~{"~<sui*r¡xY{ ²µlEª¬·tPDCQy¸ª¯h0RxYrur¡|¥©g|¥¤§|§s¯px¢!I|}rt
su|¥©gzIsuivwxY{+r¡iv{+rz+r®°|§sexY{giG¢c~zg¤§stpguxIwivrurvª  :1),1';> : =+<$#& - *a² Yg·^y¸! (<´(DCyIª
F*G|§*~z+¤¨s	~y{+$zIssiv{ ²Ryy1 *G|¥*~zg¤§sv²IªI~y{+zIssi{µ²9E	ª·^yyQ¸ª  |¥ruwuisuiGwxY{Ysuxy¤¥¤¥i®r¡pq{Ysuegivr|}r
¢£xY®¢c~z+¤¨sBsuxy¤¥i*~{YsI|}r¡su|§©+zIsiP$r¡pIr¡sih2rvª ¯{+ 1+.&),1'*+0/ :*1 '*>  :*)78!$:9 :*1@ :*) '*>* &+<$#: :;)
 1 1((+0),/ '*> ),/2+0/ 6';>. ,+%&  *     g² E  d?j!o²  |¥{y²+?z+rtsu|}~gª9E%r¡¤¥i³q|¥i?oIw|§iv{+wiYª
F*Gu~y{+Ig|¥iuui is	~y¤Bª¥²PyY *G*~{+I+|§ivuiy²Idª¥²#~P³~ui{g{giY²gj ª¥²+~{+oIxyui¤^²¦ªµ·tvYyQ¸ªMk Isu|§h0| iv
*~g|}2guxsuxstpqg|¥{g7¢£xY®iP~¤§Bsu|§h0i?ih8©RiPgIiP«egisiuxyYi{givxyz+rMh8z+¤¨su|§guxIwivrur¡xYurvª ¯{  +2$  ,1 +%&),1'1






riv~yh¦¤¥ivrur  +x´° x¢?Yu~yge+rsuu~y{+r¡¢£xyuh0~s|¥xy{+rvª ¯{  :;)@';>* &+2$: '*1 * :"&>F :;) :"&,/ 3;1
 :;1
&)!&16(& *+* )(") (,   ²RlZxy{Ys oI~y|§{Qs¡¯la|¥w*egiv¤B²+¹g*~{wiyª
 Y~y¤§xysiY²vYD Y~y¤§xysiY²q"ª·tPyyQ¸ª  '> + 
	:;>&)7'*16(& /21 / ,+ ),/ -+%& , 6,+.&ªUMiv{Ysu|¥wi\?~¤¥¤^²9E¬{I
Y¤§iv°%xqxIj%¤§|  r²  i° yi*ripYª
 A7~¤}~|}r¡iv¤§³q|~{+$?~<¡~*~h2~{ ²gyyy1 A7~¤}~|}ri¤¥³Q|^²!oª®~{+»	~<¡~*~h2~y{ ²+ª ·^yYY¸ª` r¡zgu³yip¿xy¢
w*egivw*­qRxy|¥{Ysu|§{g½~¤¥yxY|§se+h0r¦¢£xy«+~yu~y¤§¤¥i¤	~y{+ºI|¥r¡su|¥©gzIsiPºwxYh0gzIsivurvª  '  $#';1'²?y+·BY¸!  Cy
gvgª
 A?xyRis Y²Py(<6 A?xYRis y² \ª!·¡vY=<y¸ª
 &('*>3
	 /  & ,+%& ' &(/ 3"1$ ),/21 6/ 9 >& :;),/ ,+ ),/ -+.& 
 @-(&  "&    9C9> / 6('*+0/ :;1ª A¤¥zQ°®i	!wv~yIivh0|¥wG¬zg©g¤¥|¥regi*rvª
 Azg¤¥­<~u{g|~y{+$	uxy*~g²gyyy1 Azg¤¥­<~u{g|^²goª+~{+$	uxy*~g²Iªµ·ByyYY¸ª:	zgsxyh2~s|¥{g¦segi~ygg|¨su|§xY{xy¢
¢c~yzg¤¨sBsuxy¤¥i*~{+wiyª=¯{YxYrige ²lEª¥²ivg|¨suxyP²	 +<$  1+.&)1'*+0/ :*1 '*>   9:,/ 9 :*1 :;) '*> 	&(6($ 1/  &
/21 &';>3
	 / @&';1   '> + 
	:;>&)7'*1+  ,+%&   	  	  	2     ²I³yxy¤¥zgh0ivQGxy¢
²Y+~Yivr CQ#
 g²IMzg{giY²¯{I|¥~+ª+oq+|¥{gyiv¡Uiu¤}~+ª
  | is?~¤^ª¥²+yyY= |^²8ª¥²+la|¨suu~+²Idª¥²g~y{+x<pIwue+xyz+Ieqzgupy²Iªµ·ByyYY¸ª:laxIIiv¤§|¥{g0wxy{Qsuxy¤r¡RiPwzg¤}~<
su|§xY{¢£xy!su|¥h¦|¥{g«~{+~y¤§pIr|}rª  &('*>3
	 /  &$ (+.& :),1 '*> ²·tP¸ª
  |¥z~y{+ µ~´pq¤¥~y{+²v(<=µ|§zµ²"j ªµ~{+ ~Ppq¤}~{+² ªM·¡v(<Y¸ª2oIwuegiPIzg¤¥|§{+a~y¤§Yxyu|¨suegh2r?¢£xY7h8zg¤§s|§
guxyYu~h0h0|¥{g|¥{$e+~yuuiv~¤§Bsu|¥h¦ii{Q³q|¥uxy{g{givh¦iv{YsPª?:),1 '*> :  +2$&  -*a²·t´¸! YQgyª
 la|¥¤§{givis	~y¤^ª§²PyYla|¥¤¥{giP²ª§²Rdxy¢}suiy²RlEª¥²R~y{+ \?~uRiP²+ª·¡vYyY¸ª 	 $#&  &  1/2+0/ :*1 : & +.'*1 
C'*)*
UªMl td MiPrrvª
 laxYrur7Gis?~y¤Bª¥²+yyD1laxYrur7y² 8ª¥² laiv¤§e+ih² 7ª¥² ~{+ *GegxQr¡eµ² oªU·^y Y¸ªG±{+xy{gguiivh¦gs|¥³yiiP~¤§
su|§h0i8ruwue+ivIzg¤¥i?°|¨sueaiPwx<³yiup0¢£uxyh s*~{+r|¥i{Ys	¢c~zg¤§sur?~y{+$|§sur	|¥h¦+¤§ivh¦iv{Ys*~<s|¥xy{µª   I	)7'*1 
:;1 : (+ ';)!&  143"/21 &&),/2143y²R+· CY¸!F<yy#<´=<qª
 "! G# "$
  9 >& &1+0/2143 '> +
	:*>?&)7'*1 6&@- )7:73")7'	)7';1:*) '*+0/ :*1 =<
  iv¤¥rxy{ ² vyY  i¤}r¡xY{ ² 8ª:·¡vYyY¸ª!¹+~yzg¤¨sBsuxy¤¥i*~{Qs?wxYh¦+zIs|¥{g! ¹gz+{+g~h0i{Qsu~y¤:wxy{wiIs*rª7 
 :1 9 +%&)²1·<y¸!¥vqyIª
  |¥i¤}r¡xY{~{+  |§iv¤¥rxy{µ²vYY  |¥i¤}r¡xY{ ²\8ª~y{+  |¥i¤}rxy{ ²y¹®ª+·tPyQy¸ª  & '*1 + / 6 /2+<$   9C9> / 6('*+0/ :;1
     :*) '*>  1+0)!:6+ / :;1+ª yxYeg{  |§¤¥ip oqxY{+rvª
 Mz+ruwue+{giP²yQGMzrw*eg{giP²%"ª ·BYYY¸ª dµ*~{rt¢£xYh0|¥{giIivwzIs|¥xy{gBsu|§h0i©Rxyzg{++~©g¤¥iawxIIi|§{Qsx
suih0Rxy*~¤¥¤§p+iPI|¥wsu~y©g¤§i	wxIIiYª¯{A¤¥i|¥{<txYe+~{g{µ²D?Gª¥² A|§h² A0ª¥² A¤§iv|§{txye+~{+{ ²"¬ª§²Q~{+0iss©Riu+²
8ª§²QivI|§sxYurv²  &,/ 3;1 '*1 51'*>&(/  : +/ ,+0),/ -+.& (  -& C& - ,+.&     +"   ²q+~Yivr!PD
<IªA¤§zq°%i	w~yIivh0|¥wMzg©g¤¥|¥regivurvª
 Mz+ruwue+{gi?~{+@?®zgu{+rv²vYyMz+ruwueg{+iP²"ª®~y{+ ?®zg{r²	ªG·¡vYyY¸ª6 ui³q|¥i°¶xy¢7°%xy*r¡s¡¯w~yri
iqiPwzIsu|§xY{I^s|¥h¦i~{+~y¤§pIr|¥rvª  &';>3
	 / @&' ,+.&  :1),1';> ² 
C+·^ 1Y¸!¥yP RP1Cgª
 	~h2~YIyi~y{+  xy{ge+~yh²PDC=<	~h2~YIyiY²q"ªg~y{+  xy{+e+~h²  ªµ·tPDC=<y¸ª"oqz+Riu³Q|}rxyup2wxY{Ysuxy¤
xy¢"~0w¤}~yrur®xy¢"I|¥ruwuisuii³yiv{Ys	gxIwivrur¡iPrª+(    *   :*1+0)7:*>) 9+0/  ¥²Ry+·tP¸! yyI1gª
 z+reQ©QpY²Ygz+reQ©QpY² ªM·Byyg´¸ª?®z+r7~*wueg|§siPwsuzgiPr?¢£xY7r~¢£istpQ[w|§s|}w~y¤:ih8©RiPgIivr¡pIr¡sih2rvª
¯{$ ,1 +%&),1';+ / :;1'*>$  :;)787$#:(9 :;1 @-(&  "&  ,+%& "+*  )  	2   ²:³yxY¤§zgh0i«YIy¦x¢ 
 ²
d:~e+xqij%|§s¯pY²   oI8ªoIg|¥{gYi Uiv¤}~+ª
 oqi­qe+~´³<~s~{ \	ivh0xYr|¥¤§¤¥x+²+yY7oqiv­qe+~P³~<sP²+oª+~{ \	ivh0xQr¡|¥¤¥¤§x²9ªµ·BYyQ¸ªUd!egij%pIw~y©$xY©Rxs
!
¿I|  Riviv{Ysu|¥~y¤§¤¥p  R~<srpIrtsuihª1¯{   1+.&>2> / 34&1 +! :C-:;+8 '*1 2 ,+%&   -)+"     ²<d~y­<~h2~surz ²
Q~+~y{ ª9 E E E	ª
 oq|¥¤§³~0~{+oq|¥¤¥³<~g² vy C7oq|¥¤¥³<~g²C¬ªy~y{+2oq|§¤¥³<~+² +ª·tvYDCQ¸ªoIpqr¡sivh¦^¤¥i³yiv¤I³yivurz+r"z+ri¯IiÃ+{+iv¦w*egivw*­Q
RxY|§{Qs|¥{g+ª;¯{   9:,/ 9 :*1 &> / '"->&( / (+0),/ -+%& , ,+.&²I+~yyivrDC<´+ª
3>R|¥³~y{+@?®z+w*­²vy(<6 >|§³²Uª"~{ ?®uz+wu­²;+ª®·¡vY=<¸ªa?{½xy{g^¤¥|§{+i~¤¥yxY|§suegh ¢£xy¦wuegiPwu­qRxy|¥{Ys
g¤}~ywih0i{Qsvª   	)7'*1  :*1  :1 9 +%&) ²gQ+·cQ¸! =<#qDCYIª
GBGIH1JKL6M:L
 C   "'  )7'"&+
	 /2)7'> +
   $ (	 K7 U
®( 46 "2; ;º46 :! µR/ 

































# <  %$ Ê *½g Ê  * B Æ   
1. Traces(a) = {a} /  a /  '*+.: / 6
2. Traces(S1;S2) = {T1;T2 | T1 ∈ Traces(S1), T2 ∈ Traces(S2)}
3. Traces(if b then S1 else S2) = {skip;T | T ∈ Traces(S1) ∪ Traces(S2)}























τ ∈ Traces(S) =⇒
{ jkglade
(S) ≤ adc ade (τ) ≤ fhglade (S) ~y{+jkglade
(S) =
fhglade
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(c) + ε < T
(2) t ≤ adc3ade (S) (3) −ε < t ≤ T




= S1;c;S2 . . . c;Sn (1 ≤ n)
';1   &),/  & '
t ≤ adc3ade (S1) < t + ε (Init)
T − ε < adc3ade (c;Si) ≤ T + ε (1 < i < n) (Period)
r − ε < aic3ade (Sn) ≤ r
 8 adc3ade
(S) = t + q(T − adc3ade (c)) + r (End) /2+<$



















r < T − adc3ade (c) zg{g|§s7x¢%s|¥h0ivrGsxawxYh¦+¤§isiy² r ©Riv|§{+se+i0ivh0~y|§{+|§{g$x¢%segi2I|¥³q|¥r|¥xy{x¢adc ade
(S)
©Qp































&  Ê Ê $?:I &  Ê  Æ P Ç   Ê BcË: $ Ê   Ê c Æ   Æ  Æ BË :#Bc i7+x<³yiGsue+~<s?MuxyRiv¡stp
egxY¤¥+r®¢£xy
0 < t ≤ T ²g©qprtsuz+wszg*~¤|¥{+Iz+ws|¥xy{xy{ S ª











(a) ≤ ε ~{+ ²I©QpeqpQRxysegiPr¡|}rv² 0 < t ~y{+ t ≤ aic3ade (a) ²Isuegiui¢£xYiD!
t ≤ adc3ade (a) < t + ε (Init)
 
¹+xYh adc3ade
(a) = t + r
°|§se
0 ≤ r < ε ~{+ aic3ade (void) = 0 ²g|§s¢£xy¤¥¤§x<°	r®se+~s
!
r − ε < aic3ade (void) ≤ r (End)
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t ≤ T ~{+² ©Qp»eQpqRxsuegir|¥rv² adc3aie
(S1) < t
suegiui¢£xYi









S2,1;c;S2,2 . . . c;S2,n (1 ≤ n)
~y{+³yiu|§Ã+ivr
!
t − adc ade (S1) ≤
aic3ade
(S2,1) < t −
aic3ade
(S1) + ε (Init)
T − ε < aic3ade (c;S2,i) ≤ T + ε (1 < i < n) (Period)
r − ε < adc3aie (S2,n) ≤ r
[¢Radc3ade
(S2) = t −
adc3ade
(S1) + q(T −
adc ade
(c)) + r°|§se
0 ≤ q ~{ 0 ≤ r < T − adc ade (c) (End)
?{QpiIivwzIs|¥xy{Es*~ywi
τ
xy¢ ITc (S1;S2, t)
|¥r8h2~ygix¢?~{½iIivwzgs|¥xy{Es*~ywi
τ1
x¢ ITc (S1, t)¢£xY¤§¤¥x´°®iv`©Qp`~{ iIiPwzIsu|§xY{ suu~Ywi
τ2







τ1;S2,1;c;S2,2 . . . c;S2,n
ª:d!e+i®guxyRiv¡stp7|¥rUr~s|}r¡Ã+iv8|§¢




















ITc (S1;S2, t) = ITc (S1, t);ITc (S2, t1)°|¨sue adc3aie
(S1) = t + q(T −
adc ade
(c)) + r, 0 ≤ q, 0 ≤ r < T − adc ade (c))




t ≤ adc3ade (S1)
²
S1




= S1,1;c;S1,2 . . . c;S1,m (1 ≤ m)
~{+³yiv|§Ã+ivr
!
t ≤ adc3ade (S1,1) < t + ε (Init1)
T − ε < adc3ade (c;S1,i) ≤ T + ε (1 < i < m) (Period1)

















−ε < T − adc3ade (c) − r ≤ T ²°eg|}w*e¢£xY¤§¤¥x´°	r¢£uxyh)segi¢c~Yws?se+~s aic3ade (c) ~{ r ~uiRxQr¡|§s|¥³yi®~{+
r < T− adc3aie (c)) ª ?®p|¥{+Izws|¥xy{eQpqRxsuegivr|}r² ∀τ2 ∈ Traces(ITc (S2, T−
(
adc3aie
(c) + r))), τ2
.
= S2,1;c;S2,2 . . . c;S2,n (1 ≤ n)
~{+³yiv|§Ã+iPr!
T − aic3ade (c) − r ≤ adc3aie (S2,1) < T −
adc3ade
(c) − r + ε (Init2)
T − ε < adc3ade (c;S2,i) ≤ T + ε (1 < i < m) (Period2)









0 ≤ r2 < T −
adc ade
(c) (End2)
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= S1,1;c;S1,2 . . . c;S1,m;S2,1;c;S2,2 . . . c;S2,n
 i"tz+r¡sMe+~´³yi®sx7w*egiPwu­se+~s
T −ε < adc3ade (c;S1,m;S2,1) ≤ T +ε
°e+|¥w*e¢£xY¤§¤¥x<°	r¢£uxyh+!





(c) − r ≤ adc3aie (S2,1) < T −
adc3ade
(c) − r + ε
 i7yis
T − ε < adc3ade (c) + aic3ade (S1,m) +
aic3ade






(S2) < T −
adc ade
(c) − r !?{QpiIivwzIsu|¥xy{s*~ywi




= S1,1;c;S1,2 . . . c;S1,m;τ2
oI|§{+wisadc3ade















(S2) − ε ≤
adc3aie











  a S = if b then S1 else S2
ª 	ivw~y¤§¤se+~s
!
ITc (if b then S1 else S2, t) = if b then ITc (S1, t − 1) else ITc (S2, t − 1)
\?i{+wiY²Ps*~ywivrµ~uiUxy¢qsegiM¢£xYh
τ = skip;S1,1;c;S1,2 . . . c;S1,m
xy





ε ≤ 1 ²I°%ie+~´³yi t − 1 > −ε ²grxsuegi|¥{+Iz+ws|¥xy{$eqpQRxysegiPr¡|}r!~ygg¤¥|§iPr®xY{ S1 ·ciPr¡µª
S2
¸ª¬d!egiui¢£xyuiy² ∀τ1 ∈ Traces(ITc (S1, t)), τ1 .= S1,1;c;S1,2 . . . c;S1,m (1 ≤ m)
~y{+³yiu|§Ã+ivr
!
t − 1 ≤ adc ade (S1,1) < t − 1 + ε (Init1)
T − ε < adc3ade (c;S1,i) ≤ T + ε (1 < i < m) (Period1)
r − ε < adc3ade (S1,m) ≤ r
[¢ adc ade
(S) = t − 1 + q(T − adc3ade (c)) + r (End)°|§se
0 ≤ q ~{ 0 ≤ r < T − adc ade (c)
[sG¢£xy¤¥¤¥x´°	r?sue+~<s





  a S = for l = n1 to n2 do S
! 	ivw~y¤§¤sue+~<s6!
ITc (for l = n1 to n2 do S, t) = Fold(ITc (Unfold(for l = n1 to n2 do S), t))
GBGIH1JKL6M:L




Traces(Fold(ITc (Unfold(for l = n1 to n2 do S), t)))
= Traces(ITc (Unfold(for l = n1 to n2 do S), t))








&  Ê Ê $:I &  Ê  Æ ´ Ç    Ê BcË: $ Ê  Æ  I Æ   Æ  Æ cËBc ¹gxY −ε < t ≤ 0 °®ie+~´³yi





(c) + ε < T
~{ −ε < t se+~s T − adc3ade (c) + t |}r7RxYr|¨su|¥³yi2~{+segiui¢£xYi
∀τ ∈ Traces(ITc (S, T −
adc3aie
(c) + t)), τ
.
= S1;c;S2 . . . c;Sn (1 ≤ n)
~y{+³yiu|§Ã+ivr
!
T − adc3ade (c) + t ≤ adc3ade (S1) < T −
adc3ade
(c) + t + ε (Init)
T − ε < adc3aie (c;Si) ≤ T + ε (1 < i < n) (Period)
r − ε < adc3ade (Sn) ≤ r
[¢nadc3ade
(S) = T − adc ade (c) + t + q(T − aic3ade (c)) + r (End)°|§se
0 ≤ q ~{+ 0 ≤ r < T − adc3ade (c)
d!egis*~ywivr®|¥{




c;S1;c;S2 . . . c;Sn
.
= void;c;S1;c;S2 . . . c;Sn
oq|¥{+wi adc ade
(void) = 0
~y{+²g©QpeQpqRxsuegivr|}r² −ε < t ≤ 0 ²g°®ie+~´³yiD!




T − ε < adc3aie (c;S1) < T + ε
ª  i
e+~´³yiD!
T − adc3ade (c) + t ≤ adc3ade (S1) < T −
adc3ade







~y{+ −ε < t ≤ 0 ²g°%i7wxy{+w¤§z+giD!
T − ε < T + t ≤ adc ade (c;S1) < T + t + ε ≤ T + ε

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